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OBSERVATIONAL PHYSICS OF MIRROR WORLD

M. Yu. Khl opov,

S.A.Pustllnlk

G.M.Beskln, N. E. Bochkarev, L.A.Pustilnlk,

I. Introduction.

The existence of the whole world of shadow par.tioles,

interacting with each other and having no mutual interactions

with ordinary particles except gravity [1,2], is a speolfio

feature of modern superstring models, being considered as models

of the theory of everything. The presence of shadow particles is

the necoesary condition in the superstring models, providing

compensation of the asymmetry of left and right chirality states

of ordinary particles. If compaotifioation of additional

dimensions retains the symmetry of left and right states, shadow

world turns to be the mirror one, with particles and fields

having properties strictly symmetrical to the ones of

corresponding ordinary particles and fields [3,4S. Owing to

strict symmetry of physical laws for ordinary and mirror.

particles, the analysis of cosmological evolution of mirror

matter provides rather definite conclusions on possible effects

of mirror particles in the Universe [5-8].

In the present paper we"ll give more general, than [5-8]

qualitative discussion of possible a_tr_nomioal _,aot of mirror

mati_J-_ in o_'der to rreke as wide as poss_bie astronomioal

obsez-vational searohes for the effeots of mira-or wo_!d, being

the uniqueway to test the existence of mirror partners of

ordinar+y particles in the Nature.

2. Physics of mirror particles.

One puts into correspondence to each ordinary particle

(photon, electron, +leptons, quarks, gluons, W,Z-bosons eto)

respective mirror partner-. Interactions between mirror partners

are strictly symmetrical to the ones between the corresponding

ordinary particles. Putting mirror and ordinary particles into

the same space-time results in the indentity of the

gravitational properties. (The questions on the difference in

these properties and on the existence of mirror and ordinary
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particles in the different space-times as a possible solution of

the problem of cosmological constant were discussed in [9] ).

Assume, that no other interactions except gravity act

between mirror and ordinary particles. So we exclude from the

further consideration ordinary - mirror particle oscillations

[I0], corresponding to the mixing of mirror and ordinary quantum

states, as well as the existence of mixed particles,

participating both ordinary and mirror interactions-mirrons [11 ]

and fractons [12].

Strict symmetry of properties of ordinary particles and

their mirT_r partners means, that their masses, spins and

constants of respective interactions are equal. So, for example,

ordinary electron corresponds to mirror electron-a particle with

spin I/2, with the mass equal to the mass of electron and with

the charge of its interaction with mirror electromagnetic field

equal by the absolute magnitude to the electric charge of

electron. Mirror electron is electrically neutral. It has no

interactions with ordinary photons. Mirror photons, interacting

with mirror electron, do not interact with the ordinary charged

particles, penetrating freely through the ordinary matter.

Ordinary nucleons correspond to mirror nucleons, forming mirror

nuclei. Mirror nuclei and mirror electrons form atoms of mirror

matter, building material structeres similar to the ones, built

by the atoms of the ordinary matter.

The modern theory ascribes the particle masses to the

interaction of these particles with the scalar Higgs field,

breaking respective local gauge symmetry (see of. [13]).Equal

masses of ordinary particles and their mirror partners implies

strict symmetry of all the parameters of the ordinary Higgs

fields and their mirror partners.

3, Mirror particles in the early Universe.

a) Inf_atfon end constrafnts on the domafn structt_e.

Modern theoretical ideas relate the global properties of

the observed part of the Universe - its homogenity, isotropy and

flatness - to the existence in the very early Universe of the

stage of exponential exPansion, of the so called inflational



stage. In the framework of in£1ational cosmology ofter the end

Of inflation the reheating of the Universe takes place, so that

the further cosmological evolution follows the scenario of hot

Friedmann (i.e. big band) model. The ratio of the ordinary and

mirror mat ter densities, which is maintained after the

transition from inflational to Friedmann stage of expansion, is

determined by the relative probability of ordinary and mirror

particle production in the course of reheating of the Universe.

If there is an interaction in the energy scale F>> 102 GeV,

maintaining transitions between ordinary and mirror particles,

then, assuming that the cross section of such transition is (in

the units h=o=1)

_/T 2 T>F

o (T)=( _T21F4T<F ,
where r <I

one obtains, that the thermal equilibrium is established between

the ordinary and mirror particles at the rate nov ~ TSo

exceeding the rate of cosmological expansion for F<_'mpe and for

the reheating temperature TR> (F/_m_e)I/3F only. These conditions

being valid, independent on the mechanism of inflation after its

end the cosmological reheating leads to equilibrium symmetric

distribution of ordinary and mirror matter. These conditions

being invalid, the equilibrium distribution of ordinary and

mirror matter may be established, if the decay of the inflaton

field is induced by the interaction mutial for ordinary and

mirror particles, by gravity, in particulas.

The latter is surely true in the case of inflation, induced

by Ra effects in the polarisation of gravitational vacuum, or in

the ease of inflaton, having symmetric interactions with

ordinary and mirror particles. If the products of inflaton decay

have distinguished mirrority, the symmetry of ordinary and

m_r particles demands the existence of the mirror partner of

such an' inflaton,

Within the frame of the model of chaotic inflation [14] the

difference in the random values of the amplitudes of these field

may arise, what leads to the fornmtion of the domain structure

in the distribution of ordinary and mirror matter [15]. Where

the amplitude of the ordinary inflaton is higher than the



an_,litude of the mirror one, ordinarT particles would dominate

after the end of inflation and the a¢_ixt_-e of mirror p_*ticles

wil] be ekT,onentially small (and vio_ versa for + the inverse

ratio of inflaton amplitudes).

Since inflation embr+aoes generally regions, much gr-eater

than the one within the mode_.n cosmological horizon, this case

would have been corresponded to the exponentially small density

of mirror matter, in the observed part of the Universe.

If inflaton has no definite mirrority, and equal amount of

ordinary and mirror, particles are produced after, the end of

inflation, the domin structure may have been formed owing to

random local aspvnmetry of the amplitudes of ordinary and mirror

scalar field in various periods after general inflatfon, in the

periods of phase tr-_nsitions, in particular. The scale of such a

domaine structure is determined by the concrete parameters of

the fields [15] and it may be much smaller., than the scale of

the modern horizon. If this is the case, the analysis of the

effects of matter- streaming into the mirror- domain on the lig_t

element abundances and on the spectral and spatial properties of

the thermal electromagnetic background determines the allowed

scales of the domain structure. This scale must be either

significantly smaller-, than the size of horizon in the period of

big band nuoleosynthesis, or much larger than the size of

supero ius tera.

The case of the allowed small scale structure ( M<<M o )

has no practical difference by its cosmological features from

the case of initially homogeneously mixed ordinary and mirror

matter, oosidered earlier in [5-8]. Allowed large scale mirror

domains (M -> IO16Me ) would have been looked like giant voids

in the distribution of the ordinary matter and in a particular,

highly peculiar case might have lead to the "island" model of

the Universe [16-17]. The observed isotropy of the thersml

eleotr_magnetlo background excludes the case, when the modern

outer border of the mirror domain is beyond the oosmologloal

horizon. It excludes the structure of such domins [15] in the

soal es

iH(trec)* +VT_reo<I<IH(I)
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where IH(trec) is the size of the horizon in the period of

recombination at Z=Zre o and iH is the size at the modern

horizon.

b) Baryosythesfs end possible fn1_xaogenfty of mf_ baryon

d(strfbutfon.

The neooesity to invoke the mirror world followed from the

fact, that left- and right- handed coordinate systems turn to be

inequivalent in the presence of OP-violation in the world of

ordinary particles [4]. For mirror particles CP-violating

effects are equal by the magnitude and have the opposite sign to

the corresponding effects of ordinary particles. So the

generation of the bar.yon excess at the baryosynthesis of the

ordinar.y par-titles [18,19] in a strictly symmetrical way

corresponds to the generation of the same excess of mirror

antibaryons. However, since the _ign of the bar.yon number for

the mirror particles is, inobservable, we shall mention the

baryon excess in the cases of both mirr_rity.

Since the evolution of ordinary and mirror- matter is

symmetric, local processes of baryon excess generation in the

very early Universe lead to simultaneous production of equal

baryon excesses in the ordinary and mirror matter. In the

absence of domain structure equal local densities of mirror and

ordinary baryons are produced in the Uuniverse. In the presence

of domain structure domain scales and averaged densities of

mirror and ordinary baryons are to be equal. If the genesisis of

baryon excess is not related to OP-violating local baryon - non

- conserving processes of ordinary and mirror matter, new

interesting possibilities of "entropy" density perturbations of

the ordinary and mirror baryon excesses arise, in principle at

any scales.

The mechanism [20] of baryosynthesis in supersymmetrio GUT

models, ascribing the baryon asymmetry of the Universe to the

existence of primordial oondensates of scalar quarks and

leptons, canlead to inhomogeneous distribution of mirror and

ordinary baryon excesses. At the equal densities of ordinary and

mirror relativistic particles all the scales are possible for

such inhomogenities. In the difference from mirror domains,



considered in a), in which the concentration of both baryons and

radiation is exponentially suppressed, in the regions of

enhanced mirror baryon density, being discussed here, the

concentration of ordinary baryons only is small, where as the

density of radiation is equal to the averaged one. In this case

of entropy (isothermal) density perturbations formation of

astronomical objects - baryon islands of the fixed mirrority is

possible at any scale up to the modern horizon.

c) Nucleos_thes_s and m_"or world

It should be noted, that in all the oases, except the case

of large-scale mirror domains, the presence of relativistic

mirror particles (mirror photons, electron-positron pairs,

right-handed neutrinos and left-handed antineutrinos) in the

period of big band nucleosynthesis results in the growth of the

primordial 4He abundance up to Ya28% [5-8,21,22 ]. Then the

,_ _5,L-, w_.deiy used i__ t_Le literatm-er-adioal _-.estr.iction_ Yp_i _t,

lead t,::, the c:on..:,!u_:;.on [22] that. hop.:ogeneous mixing o.f mirror-

_1_inary mat te_. is exelude_._ by the observations. However

taking in mind, that observed averaged 4He abundance (see rev.

[21] and refs. wherein) is Y=(28+-12)% and it do not contradict

the predictions of the mirror- world model by itself, and that

the question on the reliable model independent estimation of the

possible primordial 4He abundance seems not yet to have obtained

its final answer, well follow in the suceessive discussion the

general stream of the scenario of cosmological evolution of

homogeneously mixed mirror and ordinary matter [5-8].

4. Formation of Inhomogenltles of mirror matter,

According to scenario [5-8] on the radiation dominancy

stage equal by densities ordinary and mirror radiation and light

neutrinos dominate in the Universe with a small admixture of

equal densities of ordinary and mirror baryons. (and, possibly, a

stall admixture of equal densities of nonrelativistio ordinary

and mirror particles - o.f. ordinary and mirror photino,

ordinary and mirror axions etc)

After the end of the radiation dominancy stage

nonrelativistio dark matter particles start to dominate in the
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Universe and to form the large scale structure of its

inhomogenities. The concrete choice of the model of the

structure formation is not essential for the bulk of our further

conclusions on the effects of the mirror matter. Mirror baryons,

having the averaged density equal to the one of the ordinary

baryons, maintain admixture of nonrelativistic matter,

participating the general development of gravitational

instability. The scenario of structure formation is determined

by the form of the dark matter, dominating in the cosmological

density. The influence of the mirror matter on the observed

properties of such structure are possible only at large scale

domain (with N>IO16_ o ) or island distributioh of mirror

baryons.

In the latter case the scale of baryon inhomogenities may

be arbitrar-y, and the formation of "pure" mirror objects is

possible in all the scales. Having this possibility in mind, we

discuss below effects of mirror objects in all the possible

astronomical scales.

Numerical simulations [23] show, that the models of

unstable dark matter (unstable massive neutrinos in the

simpliest case) make it possible to reproduce rather naturally

the observed large scale structure, where as in the cold dark

matter scenarios such a reproduction implies physically unclear

hypothesis on "biasing" in the distribution of the luminous and

dark matter. Large scale island baryon distribution may play the

role of the p_vsioal mechanism for such a biasing in the cold

dark matter scenario. Nirror baryon islands would have looked in

this case like voids, devoided of ordinary matter galaxies.

However, the problem of rapid structure evolution seens to

retain is this case, being inherent to all the models of

structure formation by stable dark matter [23].

We"ll consider below for definiteness the "pancake"

scenario of sructure refutation, the main features of which are

retained in the cosmology of hot unstable dark matter. In the

absence of island or domain structure of baryon distribution the

evolution of mirror inhomogeneities follows the scenario [5-8].

Fr_ntation of or_dinary and mirror matter within the

"pancakes" results in the course of development of thermal

instability in the formation of gas stellar complexes with the



definite mirrority and with the rrass scale M _I06Mo. Depending

on the conditions of pancake formation the value of M may be in

the range (10a-iO@)No [5-8].

Spatial separation on the scales _ of ordinary and mirror

matter inhomogenities in the initially homogeneous mixture is

provided by small gravitational potential of such

inhomogenities, their large velocity dispersion and by the

separate development of thermal instability in the ordinary and
mirror matter. Within the complexes of definite mirrority

further fragmentation takes place parallel to their hierarchical
clustering first in galaxies and then in galaxy clusters.In this

scenario, not accounting for affects of accretion, fragments of

the mass, not exceeding the one of globular, dusters, ar-e the

objects of definite mirrority, and larger formations contain

approximately equal amount of mirror and ordinary matter with

equal averaged density and symmetric distribution of types,
masses and velocities for corresponding objects of definite

mirrority.

In particular "local dark matter" must exist in the Galaxy

with the density equal to the density of the ordinary matter and

with symmetric content and distribution of astronomical objects.

This prediction of the model [5-8] is well confirmed by the data

[24,25 ].

Based on this picture, contemplated by possible effects of

island bar.yon distribution, lets consider observational effects

of mirror matter predicted on different astronomical scales.

5. Effects of mirror astronomical objects on scales o5

galaxles and stellar clusters,

It _s clear from the above discussion, that all the

possible observational affects of mirror matter must be induced

exclusively by its gravitational interection with the ordinary

matter, and that any type of mirror objects is possible to

exist.

From the most general view point one may point out two

types of effects, i.e. the case of pure gravitational

interaction and the situations, in which gasodynamical effects



are also _nduoed by gravity. In the first case effects of mirror

matter, induce peculiar velooitis of the ordinary objects.

Effects of this kind may be called "k3rnematioal" ones. It is

olea_ _, that they are mostly pronounced in the oases, when the

ordinary object is in the gravitational field, induced by the

mirror configuration of much larger mass. In the second case one

considers effects, ar,ising due gravitational action of different

types of objects on the gas of the opposite mirrority.

Various effects of the mirror and ordinary matter

interaction may be classified with the case of the Tablel. All

the possible effects are noted in its cells, arising for

different combinations of interacting objects. We"ll consider

below in more details some examples of the interactions of

different objects of the opposite mirrority, which may be

aocesible for observational discovery.

a) C,alc_r_esendEele_J cZuste_s of dey_n_te m_r._o_(tfl

In the case of island baryon distribution on scales of

galaxies or clusters of galaxies these astronomical objects are

of definite mirrority. Possible admixture of the ordinary matter

in the ordinary galaxies or of mirror matter in the mirror

galaxies may be related either to the presence of small initial

admixtt_-e, determined by the local assymetry of mirrority,

arising in the process of baryosynthesis (See 3b), or to

accretion of intergalactic gas on such objects. One may consider

the following observational effects of mirror galaxies and

clusters of galaxies.

I) The capture of ordinary galaxies by the cluster of

mirror galaxies can result in the appearance of object with

large peculiar velocities or of small groups of galaxies with

anomalous virial paradox, i.e. with velocity dispersion up to

(I-2).103 km/s, inherent to dense rich clusters of galaxies

[26]. Peculiar velocity component of massive galaxy can be

found, in principle at the level of z103km/s by the methods,

suggested by Zeldovioh and Sunyaev [27] for measurement of

peculiar, velocities of galaxy clusters, i.e. by the measurement

of distorsions of black body radiation induced by its scattering

on the electrons of the gaseous galo of the galaxy. The

probability for the capture of galaxy by rich cluster seems to



be rather large. Assuming that the dissipation of energy,

necoessary for the capture, takes place at the distance between

the centers of galaxies of the order of the diameter of galaxy

d, one obtains, that the cluster, containing N galaxies and with
_diameter D will capture background galaxies with the probability

given by

= _d2opo_D = 4N(d/D)2_ 0.01 - I (2)
Here p is the number density of galaxies in the

cluster. The nun_rical estimation is given for the rich cluster
with r4 = 103-104 and d/D=10-3+lO -2.

2) In the described above process of the capture by the

m_rror galaxy cluster of the ordinary matter galaxies, the
latter will inevitably loose significant anm_unt of gas. As a

result the poor cluster of ordinary matter galaxies, formed in

the potential well of the mirror cluster, beyond the strong
virial paradox may have significant amount of intergalactic gas

(IGG), filling the region with the size typical for rich
clusters. The amount and, consequently, the density of IGG must

be k=_o N_/N 0 times smaller than in the rich clusters,

where NM and N O are respectively the numbers of

galaxies in the rich mirror cluster and of the ones of ordinary

matter, captured by it, and _ <I is the

factor, taking into account, that in the difference from rich

clusters, capturing galaxies of the same mirrority, the cooling

flow (see revs [28-30]) will not be maintained and gas is not

lost by the cluster. Thus, at N0/NM_10 -2 one may await

k _ O. 03 and the measure of emission of IGG

M N k 2 _ 10-2+10-3 from the case of rich galax_ clusters.

The next generation of X ray telescopes will make possible to

discover QS0 up to the redshift z=5+I0 and IGG with z=I-3 in

rich clusters up to z=2-4. Consequently in the case, considered

here, IGG may be observed for z=1-3 .Observations of

hot IGG without visible rich galaxy cluster may be a strong

argument in favour, of existence of the mirror (shadow) world.

3) Interaction of ordinary and mirror galaxies results to

the distorsion of their form. In the ordinary galaxy the



distorsion must be observed in the absence of its visible

source. The evolved numerical methods of calculation of fidal

ac:tions of gala__es on ea':h other (see [32-34] and refs.

where_p) may provide solution of the inve]:se problem of

deter-rninat _on of the par_c_e ters of the body, inducing

perturbations, by the forth of the distorted galaxy. In the

difference from the perturbation, induced by a single black hole

of the same mass, the perturbation by the mirror galaxy is not

related to the observational effects of accretion on such black

hole. Respective effects of accretion on the black hole in the

active nuclei of a mirror galaxy will be suppressed by the mass

ratio of the nucleus and of the whole galaxy ( <10-2+10 -4 )

for active galax_ nuclei, see of [35]).

4) In the ordinary galaxy rich of gas or in the

protogalaotic (..loud of the ordinary gas gravitational

perturbation, induced by the mirror galaxy, may initiate the

bin;st of stellar formation. As a result the ordinary galaxy will

be observed as an irregular one.

The phenomena described in 3) and 4), may be also induced

by invisible gravitationally bound clusters of dark matter,

which may be formed due to biasing in the distribution of dark

matter relative to baryons. However, the oollisionless gas of

dark matter particles can not form dense inhomegenities, typical

for the mirror matter, having the mechanisms of dissipation. So

one must look for effects, induced by the mirror matter of

moderate concentration, differing both from the effects of black

holes and from the ones of rather diffused dark matter.

5) If the activity of galaxy nuclei is determined by the

exlstenoe inside them of black holes with masses of the order of

106- 1010 solar masses, the symmetry of properties of

ordinary and mirror matter provides the conclusion on the

presence of such black holes in nuclei of mirror galaxies. In

this case mirror galaxies with active nuclei will be observed as

single super massive black holes, and their observational

properties will be determined by the amount of the ordinary

matter in their neighbourhood. As it was noted in [5-8] the

presence of mirror matter makes it easy to explain the

appearance of closed binary supermassive black holes in galaxy

nuclei.



6) Massive mirror- galaxies may induce the effect of

gravitational lens without optically visible source of this

effect.

7) Rapid motions of mirror matter masses n_ be the source

of gravitational waves without any other observational effects.

(Super_assive black holes, which can also be the sources of

gravitational radiation, may be discovered by effects of

accretion).

8) The presence of the ordinary n_atter gas in the mirror

gala_ will result in the observed single gas clouds or small

mass galaxies with large internal velocity dispersion, i.e. with

large internal virial paradox. As possible candidates in such

formations intergalactic gaseous clouds may be oonsidePed: in a

i _# w " %

of massive (M>106_ o) HI clouds is observed [36] with the sizes

tBrpioal for galaxies: 20-25 _o. The most massive from the

knowwn HI clouds is discovered in the galaxy group Gll in the

Lion constellation near. M 96 [37]. This cloud has the size no

less than 100+30 }[no, the n_ass of HI M> 109Moand the

ooncentretion n=4 10 -9 h50 om-3 (F_50=H/5Okm/s.Mpo) [38,39] . The

surface brightness of this cloud [40] is in the optical r_nge

smaller, than 30 stellar. _itudes from the square are second.

Such clouds may appear in the absorbtion spectr_ of Q_O.

b) Globulo2 c_uste_s of deJ'_n_te mfr_o#ft9

Get's consider now the case of separation of mirror and

ordinary matter at the scale of globular clusters. Globular.

clusters are one of the oldest astronomical objects, being

formed possibly before the galaxy formation from inhomogenities

of the scale 10 6 Mo , which seem to be the objects of definite

mirrority even for the homogeneous initial mixing of ordinary

and mirror matter [5-8] (see See.4).

I ).The capture of ordinary stars by the mirror globular

cluster may lead to the formation of diffused cluster of

ordinary stars, being capable to exist without destruction for

very long time and possesing strong virial paradox. The better

chances to form such objects by captures of back ground ordinary

stars have mirror globular clusters, moving near the galactic
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plane along the orbite with no large exoentrioitet. But for

diffused cluster to be in the gravitational field of mirror

globular, cluster the better chances are in the case, when

diffused cluster is formed from the ordinary gas, captured by

the mirror globular cluster in the period of separ.ation of the

matter of different mirrority. According to [5-I0] the fraction

of gas of the opposite mirrority is in this case to be of the

order of _ 10 -2 .

The timescale of decay of normal diffused clusters is

t=(I-3) 108 years [4 ], whereas such a cluster, being formed

in the potential well of mirror globular cluster may have the

age t _ 1010 years. There are several thus old diffused

clusters observed in the GaSaxy. For NGC 188 the age is

estimated as 5-10 b57i!_or_ yea_._ [42,_3], fo_- !_.67 it is (5_+0.5)

y,-_a_._._ [44 _,, foi. "_,,]GC752 i b is 2 T.,5']] ion yea_.s... [45], fo__. NGC 2243

and Ee]loffe 66 J t i_ 6 byllion year.s [46].

Stars,_,_,_r:tur._.:]- _ by mirror globular cluster, may have var.ious

ages in the difference from the usual diffused clusters. This is

to be taken into account, determining, whether the star- belongs

to the diffused (-luster.

2) At the capture of ordinary star. by mirror globular-

cluster or of mirror star. by the ordinary globular, cluster,

close binar-ies may be formed with the components of the opposite

mirrority. The exJstenc.e of nonrelativistic invisible companion

is the specific featur.e of such sistems. In the cases, when the

gas clouds of ordinar.y and mirror matter, giving birth to

globular clusters, are close to each other or in the same region

of space, the mixed globular cluster may be formed. Besides the

evident virial paradox in the compact mixed globular- cluster of

the radius R, oontaning N stars, during the time t due to tidal

dissipation binaries can be formed as a result of close neigh

bouring of stars. For

N=2 105 , R=5 ps, t=1010 ars, Nbin=60, about half of which

will have mixed mirr_)rity.

c) Eyyects ol mfrror matter fn the clouds ol

the ordfnary molecular gas

Giant molecular clouds are the most abundant among the

massive unitary objects in galaxies. Having the mass of the
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order of the one of globular cluster, these clouds are by an

order of the magnitude more numerous t_han globular clusters in

the Galaxy [49]. So in the Galaxy, oontainig comparative amonts

of mirror and ordinary miter cross penetrations throug_ each

other of mirror, and ordinary clouds are to be feather frequent.

Molecular clouds contain large _unt Of internal inhomogenities

(i.o. the regions of the enhanced density), being in the

condition close to the initiation of development of

gr_avitational instability. The structure of the regions of star

formation shows, that even a comparatively small perturbation

can initiate the formation of stars within molecular clouds.

Shook waves are usual triggers for star formation, so that the

youngest objects are found _n a thin outer layer of molecular,

clouds [50]. Penetration of a massive body throu_1 molecular-

cloud may also initiate star formation, so that the region of

star- formation will be determined by the spatial distribution of

gravitational perturbation and may embrace significant parot of

the cloud volume..

In the case of comparative amounts of ordinary and mirror

matter in the galaxy, oosidered here, the source of such

perturbations will be related, first of all, to mirror molecular

clouds and, a little bit more rare, to mirror- globular clusters.

Since molecular clouds inersert with small (_ !0 kin/s) relative

velocities and are strongly dissipating objects, the

intersection of ordinary and mirror clouds my from a giant

molecular cloud with, mixed mirrori ty, inside which the

probability for formation of mixed mirrority stars and binaries

of the opposite mirrority is enhanced.

Multiple gravitational interactions of stars with

inhomogenities within molecular clouds may lead to the capture

of some stars by molecular clouds, what should strongly enhance

the effects of accretion of interstellar gas on such stars. This

effect may give rise to higher accretion rate of gas on the star

of the opposite mirrority.

d) Effects of m(r_or matter ut stellur scales.

I ) The analysis [5-8] of accretion of interstellar gas on

the star of the opposite mirrority have lead to the estimation



of the amount of the admixture of the matter of the opposite

mirrority in stars AM _IO-6+IO -7 M o.

If such a mirror admixture in the Sun for_n_ a mirror planet

near the solar surface, it may give, according to [5-8], an

explanation of the source of solar oscillations with the period

T ~ 160 rain [51 S.V.F. Shvartzman have pointed on the possibility

of the observation of accretion of ordinary interstellar gas on

the single mirror neutron star (see for details [52S).

2) Due to Doppler effect rotation of an ordinary neutron

star and of an admixture of mir.r_)r matter in it around their

common centre of masses must lead to periodical variations of

pulsar- period. In the difference from the similar effect of

harodly observed ordinary matter planets the variations due to

mirror matter may have period, corresponding to so close orbits,

for which the formation of ordinary planets or their retention

after Supernova explosion are impossible. Searches for these

effects need highly precisional timing of pulsar-s on the time

intervals, smaller than few hours.

3) Disk of protoplanet type without pound star in its

centre will be formed in the interstellar medium as a result of

accretion of ordinar-y gas and dust on a mirror star-. Such discs

may be observed by r_dio line of the molecule 00-2,6 ram. The

mass of the central configuration rnsy be determined by the

Doppler effect, and it will be in sharp contradiction to the low

luminooity of the central body.

Accretion in the regions of the enhanced density of gas of

the or_posite mir_oritF and foromation of bina_es, consisting of

ordinar._ and mirror stars, give new possibilities of searches

for mirrgr matter. Besides the case of formation of the binar_

of the mutually opposite mirrority inside the globular- cluster,

pointed aut in 5 b, such a situation may take place at the star

for_mation while mutual penetration of giant molecular clouds

(see 50).

4) Star formation or evolution of a binary with mixed

mirrority can give birth to a mixed star, containing comparative

ammounts of ordinar'y and mirror matter. For the ordinary matter

in the mixed stsa -o the relationship between the main stellar

p_ ters (mass, radius, Iuminoc ity, colours, effective

temperature arc) may be strongly violated. In particular, such



must occupy an unusual position on the Herzsprung-Rassel

diag,;am. After. supernova explosion in the mir-r_r matter of the

mixed star. rearrangement of its gravitational field takes place,

followed inevitably by the rearrangement of the structure and by

a single change of properties of the optically visible object.

The star. seem to enlarge its size and to decrease its surface

temperature.

5) In close binaries of the oppposite mirrority accretion

of the ordinary matter- on the potential well, induced by the

mirror star, must result in the formation of accretion discs

without visible centre of accretion. In the case of

nonrelativistic mirror star, when the potential well has

oompar_atively "flat" bottom, there are to be formed

geometrically thick accretion discs or spheroidal oonfigur-ations

at the place of the companion of the ordinary matter. For the

rates of mass exchange, typical for close binar°ies, typical for

highly nonspherioal stars. Cme of perspective methods to study

such objects is the analysis of linear polarization of their

radiation [53,54]. For the ordinary companion of low mass such

discs ar.e to remain rather cold, being likely to look like low

luminocity infrared sources, being in sharp contradiction to the

value of the "disc mass", determined by the Doppler and equal to

the mass of mirror star..

In the separated pair- of stars of the opposite mirrority

effects of accretion on nondegenerated mirror star may be

absent. Such star. may be discovered as invisible massive

oon_,anion of the ordinary star.

Estimation of fraction of sistems with the opposite

mirrority of stars among binaries may be obtained on the basis

of existing catalogue of spectral binaries. So, in the catalogue

[55-57] the physical parameters and the elements of orbits of

about 1500 spectral binaries are given. 45 among them have the

mass of the second companion M > 3M_ ) (their function of masses

f(M) > 3Mo). Among these 45 binaries only 6 have no lines of

_)The constraint _>3M is taken to exclude the the sistems with

faint white dwarfs and neutron stars. Theoretical upper limit

for the mass of a neutron star i_ according to [58] 3N o.



t_e second companions. Acootmting for possible discovery in
these binaries the second more faint star and for black holes as

invisible components, the fraction of binaries with mirror

cor_panion is estimated as _ <6/45=13%. The properties of

these 6 spectral binaries and short discussion of observational

test to distinguish the variants of black hole and nmssive
mirror star as the second component are given the Appendix.

6) The onflow of the ordinary matter on the mirror white
dwarf or on the mirror neutron star may give birth in the centre

of accretion disc to a dense region, having the size of the

mirror star. or of it central core. The latter is by an order of

the magnitude smaller, than the size of the whole star.
Observational properties of such a dense region will be close to

corresponding properties of ordinary degenerated stars with some

quautitative differences (possibly smaller size and higher

temperature ).
Besides that, in the case of mirror white dwarf presumably

hydrogen object will be observed on its place. Detonation in

such an object may lead to phenomene looking like Nova explosion

with some possible difference in quantitative properties. In the
case of mirror neutron star phenomena looking like bursters may

arise with quantitative pm_eters possibly different from the
usual ones.

The ordinary neutron star, being in the binary with normal

mirror star, will be observed as radio pulsar in a binary with

invisible companion. It can be distinquished from the binary of

ordinary relativistic stars by the change of the binary orbite

by many orders of the magnitude more rapid, than owing to

gravitational waves radiation. Such an evolution of the orbit

may follow from: a) the motion of the apside line induced by the
final size of the normal oo_oanion, b) accretion of the mirror

matter of the normal component on the observed neutron star, o

mass loss by the sistem owing to nonoonservative mass exchange

or from other reasons.

6. Conclusion

The given abovequalitative analysis of the observational
effects of the mirror matter extends significantly the

possibilities of astronomical search for the mirror world, as



oorr_,ase¢] to the p_evious r-e__ults [5-8]. The developrr_nt of the

n_oder-n super.string theor3,, for. wt:,ic?_ the existence of mir.l:or, o1"

shadow wo_-id is art ffnevJt.able ftmda_..ntat pr.ediotion, makes such

sea_'ob espeoiaily actual, it should be noted in this

relationship, that mar_7 of effects, mentioned above, do not

imply strict syr_netry in the properties of ordinary and mirror

matter, and are appropriate to the case of dissipative shadow

matter. _o, if there "ii be no effects of mirror matter in the

observations, one not only obtains the observational disproval

of the _<_pothesis of the mirror world, but also puts constraints

on the possible properties of the shadow world, thus providing

important "eAq0erimental" data for development of the particle

theory in the fields, inacoesible to direct laboratory tests. On

the other hand, the discovery of such effects, the whole

significance of which can be hardly overestimated, will provide

on the base of their whole set to make the conclusion on the

symmetry of the physical laws of the visible and invisible

matter. Note, that since t}_e search for the mirror world is

possible by its gravitational action only, and such an action on

the scales of galaxies and their clusters may be due to the

presence of collisionless gas of dark matter particles, the

scales, smaller, than the galactic ones, are preferable for

"pur.e" extraction of the mirror world effect. But on the

geometrical scales, smaller, than the size of normal stars,

effects of mirror matter- can be hardly distinguished from

similar- effects of black holes. So for the search for the mirror

world the most optimal ar-e the phenomena, taking place on the

scales I010-I020cm, i.e. frgm the size of nondegenerated stars

to the size of giant stellar clusters,assosiations and gas-dust

complexes. The search for mirror matter effects at other scales

has nethertheless general astrophysical significance,

stimulating the search for new astronomical phenomena. The

actuality and importance of the problem and the presence of

observational possibilities to solve it imply the need to

elaborate cooperative progranms of astronomical search for

effects of the mirror world.

ORIGINAL PAGE IS

OF POOR QUALITY
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Appendix

In the table A1. the parameters of 6 spectr-al - binaries

from catalogue [55-57] are given, for which the function of

masses is f(M)>3M o and there are no lines observed, belonging

with sure to the second companion. From the definition of the

function of masses f(M) = M2 sin3i/(1+M1/M2) one obtains

M=f(M) (l+Ml/M2)2/sin3i > fCM) > 3 Mo

In the neither case can the second component be the white

dwart, or the black hole. If the successive detailed study of

these sistems make it possible to exclude with definiteness the

presence in them of the second component, being on the stage of

burning of the central thermonuclear sour.ce, that will mean,

that either black hole, oz. mirror star- is present in the sistem.

The main criterium to choose between these two var.lants

seems to be the total power of additional energyrelease in the

binary. In the case of black hole the power of energy release is

to be by several orders of the magnitude higher-, than in the

case of mirror sta_ TM. Accounting for possible effective shielding

of the racliation by tb__r-h _c-cret_o_ c1_sc one shoulc] considez-

just the inte_,a] ove_, a]! +he r-_uge_, ].um..inos.ff_,_, Besides that:

vet%, fast vaJ.iatiot_s of ]u_,ninosit3: with fibe mining] tirresoale of

the o_.c]e.-of r- /o [59] al-e to m:ise in the case of accretion on
g

black hole. In this context the binary A0620-00, being the X ray

Novae with millisecond bursts [60], should be related to the

sistems with black hole, and hot to ones with mirror star-.

For. example, in the binaries W 0ru and V600 Her lower

estimations of mass of the invisible component give 16 and 32Mo,

respectively. The second components, being neither black hole,

nor mirror star, would have had the luminosities higer than the

ones of visible components.

This work was completed under the auspices of NASA grant number

NAGW-1340 at Fermi National Accelerator Laboratory.



Table AI' SpeCt_-double state,s with Invisible m slv second

component,

The name Brigtness in Orbital Amplitude Mass

and other the band V; periods, of orbital function

names the spectral velocity, f(M),

class days Rm/s M e

A0620-00 18.2 0.323 457 3.18

HI) 72754 6.9 33.7 137 9

BSlpe

HI) 105998 9

W Cru G11ab

198.5 65.7 5.82

HD 149881 6.6

V 600 Her BO.51II

5.2 21.4 5.2

HI) 193928 6.8

WN6

21.6 130 4.94

HI) 235679 8.9 225.2 64 5.9





REFERENCES

I. J.H. Sohwarz. Phys.Rep. 1982, v. 89, p. 223.

2. Gross D., Harvey J., _rtines E., Rohm R. Phys.Rev.Lett.

1985, v. 53, p. 100.

3. T.D. Lee, C.N. Yang. Phys.Rev. 1956, v. 104, p. 254.

4. Kobzarev I.Yu., Okun L.B. , Pomeranohuk I.Ya.,yadernaya

Pizika,I966, V. 8, p. II54.

5. Blinnikov S.N., Khlopov M.Yu., Yadernaya Pizika, I982, V. 88,

p. 213.

6. Blinnlkov S.N., Khlopov M.Yu.. Astron.Zh., 1983, v.60, p.632.

7. Blinnikov S.N., Khlopov M.Yu. Solar Phys., 1983, v. 82, p.

383.

8. Blinnikov S.N., Khlopov M.Yu. ITEF Pr_print N-126, 1980.

9. A.D. Linde. Phys.l_tt. 1988, v. 200B, p. 272.

I0. Teller Ya.M., Lyubosh_tz V.L., Podgoretsky M.I. Gibbs

paradox and identity of particles in quantIJm meohanics. M:

Nauka, 1975 •

11. Okun L.B. ITEP Preprlnt, N-149, 1983.

12. Khlopov M.Yu. Pis'ma ZhETF, 1981, v.33, p.170.

13. Okun L.B. Leptons and quarks M. Nauka, 1981.

14. Linde A.D. Usp. Fiz. Nauk, 1984, v.I@4, p. I77.

15. Dubrovloh V.K., Khlopov M.Yu., SA0 Preprint, N-9, 1988;

Astron. Zh. 1989, v.66,p.232.

16. Dolgov A.D., Kardashev N.S. SRI Preprint, N-1190, 1986.

17. Doigov A.D., Illarionov A.F., Kardashev N.S., Novikov I.D.

SRI Preprint, N-1291, 1987.

18. Sakharov A.D. Pis'ma ZhETF, 1967, v.5, p.32.

19. Kuzmin V.A. Pis'ma ZhETF, 1970, v.12, p.335.

20. A.D. Linde. Phys.Lett., 1985, v. 160B, p. 243.

21. Khlopov M.Yu., Cheohetkin V.M° Elementarnye 0hastitzy y

Atonmuoe Yadro, I987, v. I8, p. 627.

22. E.D. Carlson, S.L. Glashow. Phys.Lett., 1987, v. 193B, p.

168.

23. Doroshkevioh A°G., Klyplu A.A., Khlopov M.Yu. Men.Not.Roy

Astron.Soo., 1989 in press.



24. J.N. Bahoall. Astrophys.J., 1984, v.276, p. 169.

25. J.N. Bahoall. Astrophys.J., 1984, v.277, p. 200.

26. Vomontzov-Velyaminov B.A. Intergalaotlo astrono_. M: Nauka,
1972.

27. Zeldovioh Ya.B., Sun_aev R.A. Astrophysios and oosmio

physlos. Ed. R.A.Sunyaev. M. Nauka, 1982, p.9.

28. A.O. Fabian, P.E.J. Nulsen, C.R. Oaniza_es. Nature., 1984,

v. 310, p. 733.

29. Gilfanov M.R., Sunyaev R.A. Aotlve nuolel and stellar

oosmogony. Ed. D.Ya. Mamtynov , M. : MSU-Publ., 1987, p.158.

30. Gorbatsky V.G., Kritzuk A.G. Gala_ olusters. Advanoes of

soienoe and teohnique, Ser.Astronon_, v.29. M: VINITI, 1987,

p.62.

31. Speotr-Roentgen-Ganma. M. : SRI USSR AS, 1988.

32. A. Toomre, J. Toomr_. Astrophys.J. 1972, v. 178, p. 623.

33. Korovyakovskaya A.A., Korovyakovsk_ Yu.P. Izv, SAO, 1982,

v.16, p.116.

34. M. Naguohi. Mon.Not.Roy.Astron.Soo. 1987, v.229, p. 635.

35. J.S. Miller(ed). Astrophyslos of Aotlve Galaxies and

Quasi-Stellar Objeots. Mill Valley: Univ. Sol. Book. 1985

36. M.P. Haynes. The large-scale characteristics of the Galaxy.

IAU Syrup. 84 Ed. W.B.Burton. 1979, p. 567..

37. S.E. Sohnelder, O. Helou, E.E. Salpeter, Y. Terzian.

Astrophys. J. Lett. 1983, v. 273, p. T.1.

38. S.E. Schneider. Astrophys.J.Lett., 1985, v. 288, p. T,33.

39. S.E. Sohneider, E.E. Salpeter, Y. Terzian. Astron.J. 1986.

v.91, p.13.

40. M.J. Pieroe, R.B. Tully.Astron.J., 1985, v. 90, p. 450.

41. R. Wielen. Astrophys.Spaoe Soi., 1971, v. 13, p. 300.

42. P.A. Vandenberg. Astrophys.J.Suppl.Ser., 1983, v. 51, p. 29.

43. K. Jane,_; P. Demarque. Astrophys.J., 1983, v. 264, p. 206.

44. P.E. Nissen, B.A. Twar_g, D.L. Grawford. Astron.J., 1987,

v. 93, P. 634

45. B.A. Twarog. Astrophys.J., 1983, v. 267, p. 207.

46. P.G. Gr_tton. Astrophys.J., 1982, v. 257, p. 640.

2



47. A. C. Fabian, J.E. Pringl e, M.J. Rees. Monthly
Not.Roy.Astron.Soc., v. 172, p. 15P.

48. W. Press, S. Teukolsky. Astrophys.J. 1977, v. 213, p. 183.

49. P.M. Solomon, M.G. _ds (eds). Giant moleoular olouds in

the Galaxy. N.Y.: Pergamon Press, 1980.

50. P. Thaddeus. Star formation. IAU Syrup. 75/ Eds.T.de Jong,

A.Maeder., 1977, p. 37.

51. Severny A.B., Kotov V.A., Tzap T.T. Astron.Zh., 1979, v. 56,

p. II37.

52. Sohwartzman V.F. etal. Proo. SAO Conf. on Relativ.

Astrophysics and cosmoparticle p_sics. 1988 to be publ.

53. Dolginov A.Z., Gnedin Yu.N., Silantiev N.A. Propagation and

polarisation of radiation in oosmio medium. M. Nauka 1979.

54. Boohkarev N.G. ,Caritskaya E.A. Stars of Volf - Raye type and

relative objects. Ed. T.Nugis, I.Pustylnik. Tallinn ESSR AS Publ.

1988, p.234.

55. A.H. Batlen, J.M. Fletoher, P.J. Mann. Publ. Dominion.

Astrophys.Obs., 1978, v. 15, p. 121.

56. A. Pedoussaut, N. Ginestat, J.M. Carquillat. Astron.

Astrophys.Suppl.Ser., 1984, v. 58, p. 601.

57. A. Pedoussaut, N. Ginestat, J.M. Carquillat, J. Vigneau.

Astron.Astrophys.Suppl.Ser., 1988, v.75, p. 441.

58. J. Baym, C. Pethiok. Ann.Rev.Astron.Astrophys., 1979, v. 17,

p. 415.

59. Sohwartzman V.F. Astr_n. Zh. 1971, v.48, p.479.

60. Sohwartzman V.F., Beskin G.M., Mitronova S.N., Neizvestny

S.I., Plachotniohenko V.T.. SAO Preprint N-12, 1988.

3



I-I k. Nit, r-or. cluster of galaxies in the ordinary cluster of

gals_:ies (kinematics): the velocity dispersion is determined by

the mirror matter (dark matter), relative movement of mirror

and ordinary clusters may induce distorsions in the matter

distribution in the ordinary cluster.

I-I g. Mirror cluster of galaxies in the ordinary cluster of

galaxies (gasodynamios): hot gas is localized not in the

center of the cluster but in the gravitational well of the

mirror cluster. Effect of gas trap- ping.

2-1 k. The ordinary galaxy in the mirror cluster of galaxies

(kinema tlos ): anomalous vel oci ty induced by the

gravitational field of the cluster, i.e., galaxy with

anomalous redshift.

2-II k. The ordinary galaxy, interacting with a mirror one

(gasodynamics): gas structure distorslons with induced star

formation.

3-II k. The ordinary globular cluster in the mirror galaxy

(kinematics): globular clusters - 'runners' in the Galaxy and

intergalactic space.

3-111k. The ordinary globular cluster in the mirror

globular cluster (kinemtios): anomalous stellar velocity

dispersion induced by the dark mtter of the mirror cluster.

4-IIIk, 4-VIIIk. The ordinary dispersed cluster in the mirror

molecular cloud or in the globular cluster (kinematics):

anomalous dark matter, preventing the dispersed cluster from

decay.

5-VII g - 6-VII g. The ordinar_ star or relativistic object in

the mirror interstellar medium (gasodynamios): effects of

accretion, changing the mass and the rotational momentum of the

ordinary object.



• 5-VIII g -6-VIllg The ordinary star or relativistic object in
the mirror molecular cloud (kinematics) : capture of the

ordinary object, resulting in its anomalous velocity induced by
the dark matter of the cloud.

5-VIII g, 6-VIII g. The ordinary star or relativistic object in

the mirror molecular cloud (gasodynamics): accretion on the

ordinary object of the dense gas of the mirror cloud, resulting

in the effects similar to 7.1.

5-111 k, 6-III k. The ordinary star or relativistic object in

the mirror globular cluster (kinematics): capture of the

ordinary object by the mirror globular cluster (stars -

'runners', high-velocity pulsars).

5-V k, 5-VI k The ordinary star, interaotingwith mirror star

or relativistic object (kinematics): binaries without visible

ordinary companion.

5-V g. The ordinary star, interacting with a mirror one

(gasodynamics): effects of accretion on the invisible

graviting center with grawita- tional well of finite depth. The

presence of mirror mass in the center of the ordinary star,

influencing the relationship colour - luminosity etc.

5-VI g. The ordinary star, interacting with mirror

relativistic object (gasodynamics): intensive accretion on

the gravitational well with fin- ire depth and without surface

effects in the energy release.

6-V k, 6-VI k. The ordinary relativistic object, interacting

with mirror star or relativistic object (kinemtics):

periodic variations of the period of ordinary pulsars in such

pairs.



6-V g. The ordinary relativistic object, interacting with
mirror star (gasodynamics): accretion of mirror star on the

ordinary pulsar, chang- ing its mss and, consequently, the
period.

7-II k.. Similar to 2-II k.

7-111 g,7-V g -7-VIllg. Accretion of the ordinary galactic gas

by potential wells of mirror molecular clouds, globular

clusters, stars and relativistio objects, respectively.

8-II k. Capture of molecular cloud by mirror galaxy viewing

as high- velocity molecular cloud on the periphery or beyond

the galaxy.

8-VIII k. Capture of the ordinary molecular cloud by the mirror

one: effects of dark matter and velocity dispersion in the

cloud.

8-111 k. Capture of the ordinary molecular cloud by mirror

globular cluster:effects in the gas velocity dispersion.

8-III g, 8-Vg - 8-VIg. Accretion of molecular cloud gas by

gravitational wells of globular clusters, stars and

relativistic objects.




